Study Objectives: To verify if error monitoring, involving detection and remedial actions, is affected by sleep deprivation. Design: Event-related brain potentials (ERPs) and electroencephalogram spectrum during performance of Flanker task were obtained in a withinsubject, counter-balanced, repeated-measures design. Setting: Sleep deprivation and data collection were conducted in a laboratory setting. Participants: Sixteen young healthy adults (7 women, 18-23 years old) Interventions: Performance and electroencephalogram data were collected after normal sleep and sleep deprivation. Measurements and Results: Compared to normal sleep, 1 night of sleep deprivation resulted in slower and more varied reaction times, more response errors and omissions, and impaired posterror adjustments to response accuracy. Concomitantly, 2 error-related ERPs, error-related negativity and Pe, showed reduced amplitude measurements after sleep deprivation. Conversely, conflict monitoring as expressed behaviorally and by the N2 component of the ERP was not attenuated by sleep deprivation.
INTRODUCTION

HUMAN ERRORS ARE KNOWN TO BE THE DIRECT CAUSE OF MANY CATASTROPHIC ACCIDENTS. SLEEP DEPRIVA-
TION IS A MAJOR, BUT USUALLY neglected, factor that increases the occurrence of performance errors and lapses. Many experimental studies have demonstrated that sleep deprivation induces deterioration in cognitive functions. Responses become slower, more variable, and more error prone following extended wakefulness. [1] [2] [3] Changes in electroencephalogram (EEG) activity at specific frequency bands 4, 5 and in event-related potentials (ERPs) 3, [6] [7] [8] correlate with performance deficits after sleep deprivation, which suggests that changes in neurophysiologic mechanisms are involved in deterioration of performance during sleep loss. Deficits in perceptual processes after extended wakefulness are responsible for performance deficits. 7 Error monitoring is a major aspect of performance monitoring and a process manifested by a 2-component ERP complex most likely generated in the anterior cingulate cortex, 9,10-2 the error-related negativity (ERN) 13 or error negativity (Ne) 14 and the subsequent error positivity (Pe). 14, 15 The importance of adequate error monitoring could be demonstrated by the Exxon Valdez oiltanker accident. The direct cause of this, America's worst oil spill, was a human performance error, which had been observed and cautioned about before; however, the warning had arrived too late in order to remedy the situation because the severely sleep-deprived mate did not immediately respond to the warning. 16 In this case, sleep deprivation did not just increase the chance of making errors, but also resulted in inadequate behavioral adjustments following errors, which could deter the chance of immediate correction or that of avoiding errors again and could finally lead to unrecoverable tragic consequences.
Decreases in ERN amplitude connected with decreases in response accuracy have been found after extended wakefulness. 1 Reduction in the quality of perceptual processing has been argued for the effect of extended wakefulness on ERN amplitude. 1 Conversely, since the ERN amplitude covaries with the magnitude of error rate, 13 whether its reduction after extended wakefulness is independent of reduced response accuracy needs to be verified. Thus, this study aims to clarify whether sleep deprivation impairs error detection and error remedial actions, 2 systems of error monitoring. To test this hypothesis, the Eriksen flanker task was used, 17 which has been demonstrated to be effective in inducing error-related potentials, including the ERN and Pe. 12, 15 The Pe is associated with awareness of performance errors and posterror slowing, 18, 19 one of the error-remedial actions. Conversely, the conflict-detection theory, which opposes the error-detection theory, claims that the ACC and ERN activity reflect the detection of response conflict, instead. 20 The anterior cingulate cortex activity and the prefrontal cortex activity are respectively related to conflict detection and postconflict adjustments, and the 2 brain areas are also respectively associated with ERN and posterror slowing. 21 By using the flanker task, we can also observe the effect of sleep deprivation on conflict detection and postconflict adjustments 22, 23 and thereby examine whether sleep deprivation results in general impairments in performance monitoring, including error and conflict monitoring.
METHODS
Participants
Forty-seven undergraduate students from the National ChungCheng University (28 women) responded to a recruitment ad for the study posted on the campus bulletin board system and underwent questionnaire interviews. Twenty-five of them met all the inclusion criteria: no medical, psychiatric, or sleep-related disorders; not using any medications or drugs; maintaining a regular sleep schedule with daily sleep duration of no less than 7 hours and daily bedtime varying less than 2 hours; an Epworth Sleepiness Scale 24 27 score within normal range. However, 5 of the 25 subjects did not participate in the study from the beginning; 2 quit after sleep deprivation, and 2 were terminated by the experimenter due to excessive movement artifacts in the EEG during the first task test. Thus, complete data sets were collected from 16 participants (including 7 women, and ages ranging from 18-23 years old), who were right handed by self-report. They had normal or corrected-to-normal vision. An informed written consent form was obtained from all the participants after the procedure of the study was explained and the laboratory facilities were introduced to them. They were paid for their participation in the study. The study protocol was approved by the Institutional Human Subject Ethic Committee of National Chung-Cheng University.
Procedure
Participants performed a flanker task 17 on 2 mornings following 1 sleep-deprived night and 1 normal-sleep night, with a 1-week interval between and with a counter-balanced sequence of the 2 sleep conditions. They were asked to maintain their regular sleep schedules and record daily bedtime, wake-up time, and sleep quality on sleep logs at least 1 week prior to the flanker task test. They were also instructed to avoid alcohol and caffeine in the 24 hours before the test. For the sleep-deprivation condition, participants were asked to wake up in the morning at their habitual time, to not nap during the day, and to come to the laboratory by 10 PM. They were kept awake through the night under continuous behavioral monitoring, and they underwent subjective sleepiness assessment by the Stanford Sleepiness Scale 28 every hour. For the normal-sleep condition, the experimenter called participants by phone around 10 PM on the night before the testing to remind them to go to bed at their habitual bedtime.
On the test day, the flanker task test started at 10 AM for both sleep conditions. Participants performed the task alone in a soundisolated test room with lights turned off and were observed continuously through a video monitor connected with an infrared charge-coupled device camera focusing on the participants.
Task
A modified flanker task with word stimuli replaced by arrow stimuli 29 was used. The stimuli were presented on a computer screen (15 inches) with a dark background and with a viewing distance of 90 cm, and the participant was required to press a designated key on a computer keyboard in response to the target stimulus. Participants were required to focus on the arrow in the center of a visual array of 5 arrows on a computer screen, designated as target, and to respond with the right or left hand depending on the direction of the target arrow. The target arrow was flanked by 4 other arrows, 2 left and 2 right, pointing in the same direction as the target (congruent) or in the opposite direction (incongruent). Congruent and incongruent trials were presented with equal probabilities. The left-and right-hand responses signaled by target arrows occurred equally as often as well. Trials were presented in pseudorandom order to limit the consecutive number of trials with same arrow arrays below 5. Participants pressed the "/" key in response to a target arrow pointing to the left and the "z" key to a right-pointing target. Each trial started with the presentation of a central fixation white cross "+", which lasted for 1 second. The arrow array appeared 200 milliseconds later after the fixation cross disappeared and it lasted for 50 milliseconds. The target arrow was in dark gray. The flanker arrows immediately surrounding the target arrow were in light gray and larger than the target, while the farthest flankers were in white and larger than the adjacent flankers. The intertrial interval started from 2 seconds (maximum time interval for response) or when a key was pressed within 2 seconds after the presentation of the arrow array and was randomized between 1200 and 2000 milliseconds.
Participants were initially trained with 80 trials and received feedback at the end of each trial about the correctness of the response and an instruction of "Speed up, please" when the reaction time was longer than 350 milliseconds. Subsequently, they completed 18 blocks of 60 trials. Feedback instructions then were presented only at the end of the last trial of each block and were "Speed up," "Maintain current speed," or "Slow down," according to momentary changes in performance accuracy to optimize response speed that would yield approximately 15% of errors. Between blocks, participants were given 1 minute or longer to close their eyes and relax. The whole test session took about 1.5 to 2 hours.
Electrophysiologic Recording
During the task performance, the EEG was recorded from 32 scalp electrode sites using Ag/AgCl electrodes mounted in an elastic cap (Quick-Cap, Compumedics NeuroScan, El Paso, Tex). EEG activity was referenced to linked mastoids. Two Ag/ AgCl electrodes 2 cm above and 2 cm below the left eye recorded vertical electrooculogram, and 2 electrodes 1 cm external to the outer canthus of each eye recorded horizontal electrooculogram. A ground electrode was placed on the forehead. Electrode impedances were kept below 10 kΩ. The EEG and electrooculogram were amplified by SYNAMPS amplifiers (Neuroscan, Inc.) and sampled at 500 Hz. The filter passbands were 0.05 to 50 Hz. The left central (C3) EEG data segments of 512 milliseconds (256 samples) before the onset of the fixation cross underwent power spectral analysis. Fast Fourier transforms with Hanning windows were applied for all artifact-free trials. Power density values were summed at 1-4 Hz, 4-8 Hz, 9-12 Hz, 13-16 Hz, and 17-24 Hz, and those values represented delta, theta, alpha, sigma, and beta activity, respectively. For ERP analysis, the EEG data were further digitally high-pass filtered at 1 Hz (-12 dB/octave) and were then segmented into stimulus-locked EEG epochs of 150 milliseconds before to 872 milliseconds after the onset of the arrow array and into response-locked epochs of 150 ms before to 500 milliseconds after key press. The stimulus-locked EEG signals were baseline corrected between -100 milliseconds and 0 milliseconds, and the response-locked signals were corrected between -150 milliseconds and -50 milliseconds. The EEG epochs were then corrected by eye movement by using the Ocular Artifact Reduction 30 command of SCAN 4.3 (Neuroscan, Inc.) and then underwent movement-artifact detection by using the Artifact Rejection command. The averaged waveforms (ie, ERPs) for response-locked EEG epochs were band-pass filtered at 1 to 10 Hz prior to subsequent analyses. In the stimulus-locked ERP, the N2 was defined as the most negative peak in a window from 200 milliseconds to 400 milliseconds, and the P300 was defined as the most positive peak in a window from 200 milliseconds to 500 milliseconds. In the response-locked ERP, the ERN and Pe were defined as the most negative peak value in a window from 0 milliseconds to 150 milliseconds and the most positive peak value in a window from 50 milliseconds to 200 milliseconds, respectively.
Data Analysis
Reaction time (RT) was measured as the time between the onset of the arrow array and the first key press. Trials with RTs longer or shorter than twice the value of the standard deviation for RT were not included in the calculation for mean RT. RT variability was represented as the ratio of the standard deviation of RTs over trials to the average of RTs for each trial type within each experimental session for each participant. Response accuracy, error rate, and omission rate were calculated as the percentage of correct, erroneous, and omitted responses, respectively. Behavioral adjustments following errors were calculated for RT (posterror slowing) 31 on correct trials and for accuracy (increasing posterror accuracy), 32 error rate, and omission rate. Behavioral adjustments following conflict were calculated for RT, accuracy, error rate, and omission rate on trials that did not include a repetition of arrow arrays. 21, 33 EEG spectral analysis was performed only on correct and erroneous trials, as there were too few, especially in the normal-sleep condition, artifact-free EEG epochs before omission response to support reliable analyses. The power density value at each frequency band was logarithmically transformed before statistical analysis.
The EEG epochs of the trials with omitted responses or with RTs longer or shorter than twice the value of the standard deviation for RT were not included in the stimulus-locked ERP. The amplitude of each ERP component was defined as the peak value. The latency of each ERP component was defined as the time between the onset of the arrow array and the time when the peak value appeared for stimulus-locked ERPs and as the time between key press and peak value for response-locked ERPs. The N2 was largest (ie, with most negative values) at the frontal and frontocentral electrode sites and the P300 was maximum at central and parietal electrode sites (Figure 1) . Thus, amplitude and latency measures for N2 and P300 were derived from the stimulus-locked ERP recorded at FCz and Pz, respectively. Since the ERN and Pe were maximum at the frontocentral electrode site (Figure 2 ), amplitude and latency measures for both ERN and Pe were derived from the response-locked ERP recorded at FCz.
Analysis of variance with repeated measures was performed to assess how sleep affects RT, accuracy, and amplitude and latency of each ERP component. The variables in the 2 x 2 analysis of variance design were sleep condition and trial congruency (for mean correct RT, accuracy, and stimulus-locked ERP measures), sleep condition and response correctness on the present trial (for EEG power density measures), or sleep condition and response correctness on the previous trial (for EEG power density measures). A 3-factor analysis of variance with repeated measures was used to examine how sleep affects posterror and postconflict adjustments. The 3 variables were sleep condition, response correctness on the previous trial, and response correctness on the present trial for the former and sleep condition, congruency on the previous trial, and congruency on the present trial for the latter. Interaction effect of response correctness between the previous trial and the present trial was defined as posterror effect, and that of congruency between the previous trial and the present trial was defined as postconflict effect. All multiple comparisons following analyses of variance were performed by the Bonferroni-
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RESULTS
The sleep-log data showed that the participants slept on average 8 hours a night (range, 6.9-8.8 hours in normal sleep and 6.6-9.7 hours in sleep deprivation) over the week prior to the task test. On the day of sleep deprivation, participants reported waking up between 7:30 AM and 11:30 AM (average, 8:41 AM) after having obtained an average of 8.3 hours of sleep (range, 7-10 hours). Thus, the task test (10 AM) in the sleep-deprivation condition started after about 25.5 hours (range, 22.5-26.5 hours) of wakefulness. On the day following normal sleep, participants reported waking up between 6:30 AM and 9:00 AM (average, 8:05 AM) after having obtained an average of 7.7 hours of sleep (range, 7-9 hours), and, thus, the task test was performed after about 2 hours (range, 1-3 hours) of wakefulness. Subjectively, participants reported that they felt progressively less alert over time on the sleep-deprivation night, with minimal alertness reached at about 6:00 AM and at the time (starting at 10:00 AM) of the task test.
Global Performance
Following 1 night of sleep deprivation, participants responded more slowly (mean ± SD = 419 ± 45 milliseconds vs 391 ± 33 milliseconds in normal sleep; F 1,15 = 5.11, P = .039), more variably (mean coefficient of variability = .18 ± 0.05 vs 0.14 ± 0.02; F 1,15 = 9.38, P = .008), and less accurately (85.4% ± 7.8% vs 90.2 ± 3.9%; F 1,15 = 8.88, P = .009). Both errors (13.0% ± 7.4% vs 9.5 ± 3.9%; F 1,15 = 4.82, P = .044) and omissions (1.6% ± 1.2% vs 0.3 ± 0.2%; F 1,15 = 18.18, P = .001) increased after sleep deprivation. Conversely, sleep deprivation did not affect the congruity effect of test trials on RT and accuracy (Table 1) . Compared with congruent trials, incongruent trials were associated with longer RTs (385 ± 25 milliseconds vs 429 ± 37 milliseconds; F 1,15 = 105, P < .001), more errors (4.0% ± 3.9% vs 18.5% ± 6.7%; F 1,15 = 147, P < .001), and thus lower accuracy (95.1% ± 4.2% vs 80.5% ± 6.9%; F 1,15 = 145, P < .001) but with equivalent values in RT variability and omission rate for both normal and sleep-deprivation conditions.
Posterror Remedial Actions
As shown in Figure 3 , trials after erroneous responses were associated with a smaller error rate (t 15 = 3.11, P = .007), higher response accuracy (t 15 = 3.12, P = .007), and a constant omission rate in normal sleep. In contrast to normal sleep, sleep deprivation impaired posterror adjustments on both error rate (sleep condition x preceding response correctness effect: F 1,15 = 12.85, P = .003; postcorrect vs post-error Bonferroni-Dunn test, P < .05) and accuracy (sleep condition x preceding response correctness effect: F 1,15 = 11.65, P = .004; postcorrect vs posterror Bonferroni-Dunn test, P < .05). Preceding response correctness had no main effect or interaction effect with sleep conditions on correct RT, correct RT variability, or omission rate.
Postconflict Adjustments
As shown in Figure 4 , with the exclusion of repetition trials, 21, 33 the mean RT on correct incongruent trials preceded by correct incongruent trials was faster than on correct incongruent trials preceded by correct congruent trials, and the mean RT on correct congruent trials preceded by correct incongruent trials was slower than on correct congruent trials preceded by correct congruent trials ( was of a similar size for both normal-sleep and sleep-deprivation conditions (F 1,15 = .17, P = .69; Figure 4A ). Correspondingly, the postconflict effect was significant on accuracy (F 1,15 = 29.18, P < .001) and was of a similar size for both normal-sleep and sleepdeprivation conditions (F 1,15 = .16, P = .69; Figure 4B ).
EEG Spectral Analysis
EEG power density at all frequency bands within 1 to 24 Hz increased during task performance after sleep deprivation (logarithmic transformed power at total frequency band: F 1,15 = 22.41; P < .001; delta band (1-4 Hz): F 1,15 = 9.01; P = .001; theta band (4-8 Hz): F 1,15 = 24.9; P < .001; alpha band (9-12 Hz): F 1,15 = 4.68: P = .047; sigma band (13-16 Hz): F 1,15 = 15.46, P = .001; and beta band (17-24 Hz): F 1,15 = 28.01, P < .001). Among the 5 frequency bands, only beta and theta correlated with response correctness. Beta and theta activity immediately before the onset of stimuli followed by erroneous responses were respectively smaller and greater than those of correct trials (beta: F 1,15 = 4.56, P = .049; theta: F 1,15 = 6.27, P = .024). However, sleep deprivation did not increase or decrease the difference of beta activity (F 1,15 = 1.56) or that of theta activity (F 1,15 = 3.64) between erroneous trials and correct trials. Conversely, beta (F 1,15 = .73) and theta (F 1,15 = 3.31) activity following errors were similar to those following correct responses in both normal-sleep and sleep-deprivation conditions.
P300 Amplitude
P300 amplitude decreased (F 1,15 = 31.82, P < .001), but its latency did not change (F 1,15 = 2.02) after sleep deprivation. P300 amplitude (F 1,15 = 12.71, P = .003) but not P300 latency (F 1,15 = .2) was lower on incongruent trials as compared with congruent trials (Table 2) . Sleep deprivation did not influence the congruency effect on P300 amplitude (F 1,15 = 1.36) or P300 latency (F 1,15 = .21).
N2 Amplitude
N2 amplitude was more negative (F 1,15 = 10.14, P = .006) and its latency was longer (F 1,15 = 7.11, P = .018) after incongruent stimuli compared to congruent stimuli. Sleep deprivation was associated with less-positive values of N2 amplitude (F 1,15 = 6.36, P = .023) and longer N2 latency (F 1,15 = 6.59, P = .02) in both congruent and incongruent conditions. However, sleep deprivation did not interact with the congruency effect on N2 amplitude (F 1,15 = 2.52) or N2 latency (F 1,15 = 1.53; Table 2 ).
ERN and Pe
Compared with normal sleep, sleep deprivation was associated with less-negative values in ERN amplitude (-7.2 ± 2.6 ± µV vs -4.7 ± 2.0 ± µV; t 15 Pe amplitude (5.8 ± 2.5 ± µV vs 4.4 ± 2.2 ± µV; t 15 = 3.15, P = .007). Neither ERN (33 ± 9 milliseconds in sleep deprivation vs 39 ± 12 milliseconds in normal sleep; t 15 = 1.83) or Pe (140 ± 20 milliseconds in sleep deprivation vs 136 ± 20 milliseconds in normal sleep; t 15 = .56) latency was modulated by sleep deprivation. Since the ERN amplitude covaries with the magnitude of error rate, 13 whether its reduction after sleep deprivation is totally related to an increased error rate was examined on data selected from 10 participants who maintained their accuracy equally between sleep-deprivation and normal-sleep conditions. These 10 participants showed mean correct RT, error rate, accuracy, and ERN and Pe amplitude were 383 ± 30 milliseconds, 10.2 ± 2.9%, 89.5 ± 2.9%, -7.7 ± 2.1 ± µV, and 6.2 ± 2.8 ± µV in normal sleep and 425 ± 48 milliseconds, 10.4 ± 3.1%, 88.0 ± 3.1%, -5.0 ± 1.8 ± µV, and 4.8 ± 1.9 ± µV in sleep deprivation. The correct RT was slower (t 9 = 2.48, P = .04), ERN amplitude was less negative (t 9 = 4.26, P = .003), and Pe amplitude was smaller (t 9 = 2.36, P = .04) after sleep deprivation than after normal sleep. Thus, the reduction of ERN amplitude following sleep deprivation was not due to a speed-accuracy tradeoff or an increased error rate.
DISCUSSION
As has been shown on many types of tasks, global performance of RT and response accuracy on the flanker task was impaired after 1 night of sleep deprivation. Nonetheless, this study further demonstrates, with both behavior and electrophysiologic evidence, that error monitoring, which includes error-detection and error-remedial actions, was also impaired following sleep deprivation. Posterror behavior adjustments were evident on increased accuracy and reduced error rate in normal sleep but were eliminated after 1 night of sleep deprivation. Moreover, sleep deprivation resulted in a lower accuracy and a higher error rate on responses following errors than responses following correct ones.
Electrophysiologic evidence of impaired error monitoring following sleep deprivation was manifested by reduced ERN and Pe amplitudes. The ERN and Pe amplitude reflects preconscious and conscious monitoring of performance errors, respectively. 18 The size of the ERN amplitude is related to the probability of error correction, 13 while that of the Pe amplitude is related to posterror slowing. 18, 19 Thus, the decrease in ERN and Pe amplitudes was consistent with reductions in error-remedial actions after sleep deprivation.
The deterioration of performance and its monitoring following sleep deprivation could be related to increased sleepiness or microsleeps, ie, brief periods (less than 10 seconds) of sleep or reduced alertness during task performance. Sleep onset is associated with increased RTs and changes in the power value of EEG spectrum, including increased delta, theta, and sigma activities and decreased beta and alpha activities. 34 Confirming previous findings, 35, 36 this study showed that EEG power density at all frequency bands within 1 to 24 Hz increased after sleep deprivation. Furthermore, consistent with previous studies, 34, 37 beta and theta activities correlated with response correctness. However, the loss of error-remedial actions following sleep deprivation could not be explained by timely increased sleepiness or decreased alertness with erroneous response, since both beta and theta activities on postcorrect trials remained at the same level as they were on posterror trials.
Specific changes in some of the cognitive processes that subsequently led to deterioration of performance could be related to sleepiness. The amplitude of the P300 component of the ERP is related to the deployment of attentional resources, 38 and its latency reflects the time required for stimulus categorization and evaluation. 39, 40 P300 amplitude varies as a function of stimulus probability and stimulus meaning and could be reduced under conditions of uncertainty or low confidence level. 41 Previous studies have indicated that P300 amplitude decreases while P300 latency increases during extended wakefulness. 6, 7 Furthermore, P300 amplitude decreases significantly at the onset of sleep. 34 This study also showed that a reduction in P300 amplitude occurred after sleep deprivation, but the P300 latency was not affected at all by sleep conditions. The latter suggests that stimulus processing in the flanker task performance following sleep deprivation was maintained at a level similar to that of normal sleep. Whether or not the discrepancy in the P300 latency between the present findings and those of previous studies was due to differences in types of tasks can only be clarified by further research. Since the stimulus probability and stimulus meaning in sleep deprivation remained the same as in normal sleep, a reduction in P300 amplitude was more likely related to an increase in stimulus uncertainty. The latter would reduce the information on correct response and would, thus, increase erroneous responses and attenuate the magnitude of mismatch or conflict between overt responses and the outcome of responses selection. The consequence of this would be represented by reduced ERN amplitude.
The amplitude of the N2 component of the ERP derived from the electrode site at the frontocentral area reflects conflict-detection and response-inhibition processes in the incongruent condition of the flanker task.
12,42 N2 amplitude increased after sleep deprivation. One possible explanation was that N2 amplitude covaried with the magnitude of error rate, 42 since errors increased after sleep deprivation. Another explanation could be an increased cerebral compensatory response to an increased monitoring demand in response selection caused by sleep deprivation. [43] [44] [45] Thus, sleep deprivation did not reduce the effectiveness of conflict-detection and response-inhibition processes. Conversely, the increase in RTs following sleep deprivation was related to changes in the speed of response-selection processes, as reflected by a prolonged N2 latency after sleep deprivation. Consistent with the conflict-detection system, conflict adjustments were also maintained following sleep deprivation.
The above-mentioned findings support the hypothesis that sleep deprivation reduces attentional resources, thus leading to increases in errors and decreases in error monitoring and posterror adjustments. However, the effectiveness of conflict detection and postconflict adjustments was maintained after sleep deprivation. Thus, cerebral compensatory mechanisms, which were manifested by increased activation in specific brain regions while performing the task after sleep deprivation, [43] [44] [45] successfully maintained the level of cognitive controls on conflicts. However, they still failed to maintain the level of error controls following sleep deprivation, as shown by failures in both error detection and posterror adjustments. The impairment of error-remedial actions after sleep deprivation highlighted a lesser likelihood of recovering from errors committed and probably explained in part, if not all, the correlation between sleepiness-related or fatigue-related human errors and their often-tragic consequences.
